In this paper we describe a novel technique for solving the channel routing problem of multiterminal nets. The layout is produced column-by-column in a left-to-right scan; the number t of used tracks satisfies the bound 6 X t £ 6+a (0 < a 6-1), where 6 is the density of the problem. The technique behaves equivalently to known optimal methods for two-terminal net problems. For a channel routing problem with C column and n nets, the algorithms run in time O(Clogn) and produce layouts that are provably wireable in three layers.
Introduction
A general two-shore channel routing problem (GCRP) consists of two paral lel rows of points, called terminals. and a set of nets, each of which speci fies a subset of terminals to be (electrically) connected by means of wires.
The goal is to route the wires in such a way that the channel width is as small as possible. As is customary, we view a channel of width t as being on a unit grid with grid points (x,y), where both x and y are integers, with 0 < connected at a grid point, no layer inbetween can be used at that grid point.
We shall use the terms "layout" and "wiring" with the following distinct technical connotations (as in [PL] ). Definition 1 . A wire layout (or simply layout) for a given GCRP is a sub graph of the layout grid, each of whose connected components corresponds to a distinct net of the GCRP, in the knock-knee mode.
Notice that we can, without loss of generality, restrict ourselves to con nected subgraphs which are trees, which we shall call wire-trees. The interval i i represents an obvious lower bound to the horizontal track demand raised by N^., since a terminal in column must be connected to a terminal in column r^.
In other words is replaced by a fictitious two-terminal net N* (whose two terminals may belong to the same track). We now consider the channel routing , * rvT* * problem q = Nn ), and use standard methods to obtain its density 6 (i.e., the maximum number of two-terminal nets which must cross any vertical section of the channel). It is clear that 8 is a lower bound for the minimum number of horizontal tracks, and we call 8 the essential density of the GCRP. In this paper we shall illustrate a method that produces the layout column-by-column (analogously to the "greedy router" of [RF] ), and uses 8 + a tracks, where 0 < a £ 8-1.
The paper is organized as follows. In Section 2 we describe and prove the correctness of the wire layout algorithm, beginning with a systematic version that uses 28-1 tracks, and then introducing natural modifications leading to potentially simpler layouts. We also show that the method, when applied to a collection of two-terminal nets, produces a result equivalent to the one of the optimal method of Preparata-Lipski [PL] , Finally, in Section 3 we show that the obtained layouts are wireable in three layers.
Wire layout algorithm
Before describing our proposed wire layout algorithm, we examine a simpler version thereof, which uses exactly 28-1 tracks. This simpler tech nique will provide the intuitive background for the method; the final algo rithm will be a refinement of this version.
A t=26-l algorithm.
At any abscissa x we say that a net Nm = ( ( ,. 
dR (c) = df f l (c) + 2 (this also implies that dR (c-l) = dm (c)).

Indeed, if dR (c) = dm (c) + 1 or d^(c) = df f l (c) + 2, new (symmetric) tracks
are added and the column is laid out in a straightforward manner (as had been 
An Improved Algorithm
The algorithm we have presented in the last subsection was intended to provide intuition for a possible solution to any GCRP and to establish an upper-bound to the number of used tracks. The main feature of this algorithm is that, in conjunction with heuristics, it can result in a rather efficient and yet provably good solution to any GCRP. The first thing to note is that the second strand of a net should be added only when it is necessary: indeed, it might very well happen that for some nets we never need to add the second strand. Second, it is only natural to splice the split nets (nets having more than one strand) as soon as it is feasible in a left to right scan. We shall name the improved technique "LAY0UT2". We shall see later that in this method the two strands of a net may be no longer symmetric, so we shall use the nota tion cr'(t) to denote the track used by the second strand of a net t (as opposed to -a(t) in "LAYOUTl"), with the convention that o'(t) < a(t).
We The preceding discussion gives us the following result:
Theorem 3 Any two terminal net CRP with density 6 can be routed using 6 tracks by the "LAY0UT2" algorithm.
Three-layer wireabilitv
We now return to the general problem and show that any layout produced by "LAY0UT2" can be wired with three layers without increasing the number of tracks used in the layout phase.
Our arguments are heavily based on the wireability theory developed by Preparata and Lipski [PL] , to which the reader is referred. We begin by observing that in the layout of multiterminal nets there is one more type of grid points, the "~r", in addition to the five standard ones encountered in the layout of two-terminal nets( the "crossing", the "knock-knee", the "bend", the "straightwire", the "empty"); these six types are illustrated in Figure   15 . Following the arguments in [PL] , suppose that in a given layout W we replace each non-knock-knee grid-point by a crossing: it is very simple to show that if the resulting layout W* -a "full" layout -can be wired with three layers, so can the original W.
Note that in the transformation from W to W* we have ,in essence, obtained a two-terminal net problem. We must only verify that it satisfies the three-layer-wireability sufficient condition proposed by Preparata and Lipski:
We begin by observing the following facts :
(1) at a d.p. column (states -j^-and -jp-) we have at most one knock-knee. It is relatively straightforward to show that also wiring can be accom plished within the same time bound.
